Tawny Owls Strix aluco are generalist nocturnal raptors widely distributed throughout the Palearctic, with higher abundance in the temperate woodland zone (Petty & Saurola 1997) . Though often considered a forest owl, they have shown remarkable adaptability and opportunism, readily colonizing urban habitats, forestry plantations and intensively cultivated areas with few trees (Redpath 1995 , Petty & Saurola 1997 . The species has been the subject of many intensive investigations, mostly focusing on diet composition and the relationship between density, productivity and prey availability (Southern 1970 , Delmée et al. 1978 , Wendland 1984 , Jędrzejewski et al. 1996 , Petty & Fawkes 1997 , Petty 1999 , Galeotti 2001 . Only a few studies have focused on habitat selection and most of them were conducted in urban areas or intensive farmland (Galeotti 1990 , Hardy 1992 , Redpath 1995 , Petty *Correspondence author. Email: fabrizio.sergio8@tin.it 1989 . Overall, research in mountain environments has been very sporadic.
In Italy, the species is widely distributed throughout the central-northern part of the peninsula (Petty & Saurola 1997) . Apart from scattered data on density (Sascor et al. 1999 , Vrezec 2003 and diet (Bouvier & Bayle 1989) , no comprehensive studies have been published for any area of the Alps, either in Italy or in adjacent countries. Furthermore, Alpine forests are currently in a very dynamic state. Much coppicemanaged woodland is rapidly converting to high forest, while land abandonment is causing progressive woodland expansion at the expense of grassland , Sergio et al. 2005 , leaving an urgent need for studies on woodland species so as to forecast the potential future impact of such landscape changes. Here, we report data on density, nest-site selection, diet and productivity for 12 Tawny Owl populations of the central-eastern Italian Alps.
STUDY AREAS
Tawny Owls were intensively surveyed between 2002 and 2004 in a 55 km 2 study area located on Mount Baldo in the Trento region of central-eastern Italian Alps (Fig. 1) . Elevation ranged from 200 to 1560 m asl. The landscape was characterized by forested mountain slopes interspersed with vineyards at lower elevation and managed grassland at middle elevations. Cliff availability was high throughout the study area. GIS analysis of data from CEC (1993) revealed that 53% of the area was covered by woodland, 23% by farmland, 8% by managed grassland, 7% by alpine meadows above the tree-line, 7% by shrub vegetation and 2% by urban areas. With increasing elevation, woodland tended to be dominated by Quercus-Tilia-Acer species, Fagus-Abies species and Picea species. In woodland areas, 75% was managed as coppice (Matthews 1989) , most of which was at lower elevation, and 25% was high forest, most of which was at higher elevation. In 2002 and 2003, Tawny Owls were censused in another 11 quadrats of 100 km 2 scattered throughout the Trento region ( Fig. 1) , and selected to cover the regional variation in elevation and landscape composition.
METHODS
Territorial pairs were censused between October and February by listening to spontaneous vocalizations and by eliciting territorial calls by broadcasting conspecific vocalizations with a portable tape-recorder (Jędrzejewski et al. 1996) . In each study area, we plotted a network of listening stations, located 300-500 m apart depending on local topography and acoustics, so as to cover the whole area. All plots were surveyed at least three times between October and February and a territory was defined as occupied if territorial calls were heard on at least two visits with more than 30 days in between.
In the Mount Baldo intensive study area, we put maximum effort into trying to locate nests of all pairs. Once an occupied territory was found, it was repeatedly visited at night to observe prey deliveries at the nest, and during the day to check potential nest-sites on trees, cliffs or buildings. If no nest was found, we checked the territory during June and July to listen for persistent food-begging calls of the fledged young (Southern 1970 , Wendland 1984 , Ranazzi et al. 2000 . If no such calls were heard in at least three successive visits more than 40 days apart, the pair was assumed to have failed. Pellets and prey remains found under nests and roostsites were collected during each visit (March-July). Prey were identified to genus or species level by comparison with the private reference collection of L. Marchesi. Pellets and remains were pooled assuming the minimum number of prey-individuals, so as to minimize biases associated with each method (Marchesi et al. 2002) .
GIS and statistical analysis
We employed logistic regression (Tabachnick & Fidell 1996) with a stepwise procedure to analyse the environmental factors (Appendix) discriminating between the 33 owl territories (i.e. one randomly chosen nest used within each territory) censused in the Baldo area and 33 locations randomly plotted within the Baldo area. All random locations were generated by means of the extension Animal Movement of the GIS software ArcView 3.2 (Hooge & Eichenlaub 1997) . Because Tawny Owls in our area nest in cliffs, trees and buildings (see Results), random locations were plotted in equal proportions on similar structures. The latter were also visited in the field and retained as random locations only if judged to be potentially suitable for nesting owls, based on familiarity with the species in the region. In addition, because Tawny Owls are territorial and solitary nesters, the minimum nearest-neighbour distance (NND) among random locations was set to be the same as the minimum NND among owl territories. Finally, random locations were plotted only in the same range of elevations recorded for owl territories.
The variables (Appendix 1) were measured in the field, by accessing GIS land-use maps (CEC 1993 , Servizio Foreste 1999 or by digitizing 1-m-resolution, aerial colour photographs (courtesy of Provincia Autonoma di Trento, Permit IGM n.278 of 30 June 2000). The variables were chosen to measure: (1) the characteristics of the nest-site and its immediate surroundings (within a radius of 100 m); (2) the distance to potential hunting grounds or to sources of human disturbance; and (3) habitat structure and composition within 330 m of the nest, which is roughly half the NND in our population. To reduce collinearity and the number of variables presented to logistic models, we employed the method of variable reduction proposed by Green (1979) and commonly employed in habitat selection studies (Sergio & Bogliani 2000 , Sergio et al. 2003a . In this method, pairs of intercorrelated variables (r > 0.6) are considered as estimates of a single underlying factor. Only the one likely to be perceived as more important by the study organism is retained for analysis. Of the remaining variables, only those for which high univariate differences (P < 0.1) were detected between nest-sites and random locations were included in multivariate analyses. The logistic model was validated by applying it on 30 owl territories and 30 random locations from the Rumo study area and its surroundings, i.e. the farthest from the Baldo plot (Fig. 1) .
To gain a deeper understanding of owl habitat quality and to test whether the observed habitat choices were adaptive (Sergio et al. 2003a (Sergio et al. , 2003b , we used multiple regression (Sokal & Rohlf 1981) to relate breeding success (mean number of fledged young averaged across years for each territory) to the variables presented to the previous habitat selection models. We added to the set of explanatory variables a factor variable with two levels (1 = territory dominated by coppice-managed woodland; 2 = territory dominated by high forest); this was considered as a potential determinant of breeding success, and also tested the potential impact on owl productivity of the ongoing conversion of coppice woodland to high forest.
Finally, to investigate the owl habitat relationships at a larger spatial scale, we correlated owl density in each of the 12 study areas with the following variables: mean elevation of the study area (calculated with a GIS, based on a 10-m-resolution digital elevation model); ruggedness index (number of contour lines crossed by two 1-km north-south and east-west transects, averaged across the whole study area); the percentage of the area covered by urban areas, farmland, grassland, water, shrub vegetation, rocky outcrops, broadleaved forests, conifer forests, mixed broadleaved and conifer forests, total woodland, woodland managed as coppice, and woodland managed as high forest; and the Shannon index of habitat diversity (Krebs 1998) .
Regularity of nest spacing was assessed by means of the G-statistic (Brown 1975) , calculated as the ratio of the geometric to the arithmetic mean of the squared NNDs. The index ranges from 0 to 1 and values above 0.65 indicate a regular dispersion of nest-sites. In all analyses, means are given ± 1 se, tests are two-tailed, and statistical significance was set at α ≤ 0.05. When multiple tests were performed on the same data set, the sequential Bonferroni correction was used to adjust the significance level.
RESULTS

Density, nest dispersion and productivity
We censused 33 owl territories in the Baldo area, corresponding to a density of 60 pairs/100 km 2 (Table Baldo study area; 2, Lavacchio; 3, Varagna; 4, Vallarsa; 5, Sarca Valley; 6, Calliano; 7, Caldonazzo; 8, Bleggio; 9, Molveno; 10, Adige Valley; 11, Noce Valley; 12, Rumo. 1). There was no variation among years in mean NND (ANOVA on variable log e -transformed, F 2,93 = 0.62, P = 0.94; Table 1 ). In the other study areas, density varied between 12 and 60 territories/100 km 2 (Table 2 ). There was significant variation among areas in mean NND (ANOVA on log e -transformed variable: F 11,309 = 8.22, P = 0.0009), which ranged between 678 and 2056 m ( Table 2 ). The G-statistic indicated a regular or nearly regular dispersion of territories in ten of the 12 areas.
In the Mount Baldo plot, the mean laying date was 1 April (range: 2 March-16 April; se = 2 days; n = 33). This does not include a possible replacement clutch laid on 8 June (one chick fledged). There was no variation among years in median number of young fledged per territorial or successful pair (Kruskal-Wallis
Nest-site selection
Overall, we found 44 nests used at least once for laying in the Baldo area. Of these, 28 were in cliff holes, nine in cavities of old trees (eight of these in Sweet Chestnust Castanea sativa), four in buildings, two in tree-holes originally excavated by Black Woodpeckers Dryocopus martius, and one in a stick nest originally built by Common Buzzards Buteo buteo. All cliff nests were in the lower portion of the cliff, at or below the tree canopy level, and were usually hidden by Ivy Hedera helix growing on the cliff face.
Of the variables presented to the logistic regression discriminating between owl nests and random sites (Table 3) , two entered the final model: distance to cliff test, χ 2 < 4.42, P > 0.11), or in the percentage of (B = -0.16 ± 0.05, Wald = 12.23, P = 0.0001) and territorial pairs which successfully raised at least one interspersion index (B = 0.20 ± 0.09, Wald = 5.14, P = chick to fledging (χ 2 = 3.15, P = 0.21) ( Table 1) . 0.023; B for constant = 1.86 ± 1.05). The model correctly reclassified 82% of the owl nests and 79% of the random locations (80% overall). When validated on the independent data set, the model correctly classified 83% of 30 owl nests and 87% of 30 random locations.
Correlates of productivity and density
In a multiple regression, the only predictor of the mean productivity of a territory was the interspersion index (B = 0.11 ± 0.01, t = 2.27, P = 0.032, r 2 = 0.18). Density in the 12 study populations was positively related to the extent of broadleaved woodland in each area (r s = 0.78, P = 0.048). All other relationships were not significant after the Bonferroni correction.
Diet
To describe variations in diet composition during the breeding period (March-July), we assigned territories to four main habitat categories: (1) coppice-managed woodland (dominated mainly by Beech or a mixture of Pubescent Oak Quercus pubescens, European Hophornbeam Ostrya carpinifolia and Flowering Ash Fraxinus ornus); (2) broadleaved high forest (mostly Beech-dominated); (3) mixed high forest (mostly composed of Beech and Spruce); and (4) urban. The diet was dominated by (1) Edible Dormouse Glis glis in coppice-woodland; (2) mice, voles, Edible Dormouse and various bird species in broadleaved high forest; (3) Edible Dormouse, voles, mice, squirrels and various bird species (especially Turdus spp.) in mixed high forest; and (4) sparrows, finches and pigeons in urban areas (Table 4) .
DISCUSSION
Our regional-scale results confirmed the remarkable flexibility and opportunism previously reported for the species at a larger, continental scale (Petty & Saurola (1, 0, 0, 0); Common Swift Apus apus (0, 0, 0, 7); Eurasian Wryneck Jynx torquilla (0, 0, 0, 1); Barn Swallow Hirundo rustica (0, 0, 0, 1); Eurasian Crag Martin Ptyonoprogne rupestris (0, 0, 0, 3); House Martin Delichon urbicum (0, 0, 0, 5); Pied Wagtail Motacilla alba (1, 4, 0, 23); Grey Wagtail Motacilla cinerea (0, 0, 0, 6); European Robin Erithacus rubecula (0, 0, 0, 8); Common Redstart Phoenicurus phoenicurus (0, 0, 0, 2); Song Thrush Turdus philomelos (1, 0, 2, 3); Blackcap Sylvia atricapilla (0, 0, 0, 3); Sylviidae spp. (0, 1, 0, 0); Common Chiffchaff Phylloscopus collybita (0, 0, 0, 1); Crested Tit Lophaphanes cristatus (0, 0, 4, 0); Blue Tit Cyanistes caeruleus (0, 0, 0, 3); Great Tit Parus major (0, 0, 0, 11); Paridae spp. (0, 5, 0, 11); Wood Nuthatch Sitta europea (0, 0, 0, 1); 0, 0, 1); Common Starling Sturnus vulgaris (0, 0, 0, 8); Eurasian Tree Sparrow Passer montanus (0, 0, 0, 6); Atlantic Canary Serinus canaria (0, 0, 0, 1); European Serin Serinus serinus (0, 0, 0, 2); Common Bullfinch Phyrrula phyrrula (0, 0, 2, 0); Hawfinch Coccothraustes coccothraustes (0, 1, 0, 1); Fringillidae spp. (2, 1, 0, 18). c Includes: Euscorpios spp. (4, 0, 0, 0); Coleoptera spp. (3, 7, 0, 8); Anoplotrupes stercorosus (0, 1, 0, 0); Scarabeidae spp. (0, 0, 1, 0); Orthoptera spp. (1, 0, 0, 0) . d Mean mass of all the prey items in each sample (measured in g).
1997, Galeotti 2001
). In the Alps, Tawny Owls occurred over an extremely broad range of elevations (Table 2) , from the valley floors up to the limit of the tree-line, corresponding to a multitude of landscape, microclimate and vegetation types. The ability to use a wide array of nest structures (cliffs, trees, buildings, etc.) further favoured the colonization of most of the habitats avail-able in the region, from urban areas to fragmented woodlands or continuous forests varying in floristic com-position and management. Furthermore, the pronounced habitat-related variation in diet composition highlighted the opportunistic foraging tactic of this owl, capable of exploiting a wide spectrum of prey, ranging from grounddwelling species such as voles and mice, to arboreal species such as Edible Dormouse and some birds. Compared to random locations, Tawny Owls selected sites: (1) nearer to cliffs, which may provide abundant nest-sites with difficult access to mammalian predators (including humans; Sergio et al. 2003a Sergio et al. , 2005 ; and (2) with higher richness of habitat types and ecotones. The Kielder Forest, England 1981 -1987 64.4 (58) b 890 (30) 30-96 1.63 (210) -Petty 1989 , Petty & Fawkes 1997 Bizkaia, Spain 1993 72.6 (1704 ) ----Zuberogoitia & Martínez Climent 2000 Slovenia 1997 40.0 (23) ----Vrezec 2003 Italy 1987 -1988 40.2 (49) ----Penteriani & Pinchera 1990 Central Alps, Italy 1990s 45.0 (18) ----P. Galeotti & R. Sacchi, unpubl. data in Galeotti (1990 ) Mount Corvo, Alps, Italy 1997 -1998 22.4 (17) 1550 (17) ---Sascor et al. 1999 Mount Baldo, Alps, Italy 2002 -2004 This study Trento region, Alps, Italy c 2002 -2004 latter result is to be expected for various reasons: (a) Tawny Owls are a 'sit-and-wait' predator often exploiting habitat edges (Southern & Lowe 1968 , Hardy 1992 , Redpath 1995 ; (b) the owl diet usually varies seasonally, being dominated in different periods by prey types associated with different habitats (Southern & Lowe 1968 , Wendland 1984 , Galeotti 2001 ; and (c) prey abundance and diet composition may vary radically between years within each territory, which is usually occupied for life (Southern & Lowe 1968 , Petty & Saurola 1997 .
Long-term and all-year-round maintenance of an allpurpose territory may promote selection of a structurally diverse foraging area, allowing for rapid prey/habitat switching among seasons and years, as originally pointed out by Southern & Lowe (1968; Petty 1989) . In turn, this may explain why territories with higher richness of vegetation types and boundaries also enjoyed higher productivity, which further suggests that the observed choices were adaptive, and that such a selected feature was a component of territory quality for the owls. A similar preference for diverse areas rich in edges has been reported for other generalist raptors (Austin et al. 1996 , Martínez & Zuberogoitia 2004 , Sergio et al. 2005 . Finally, the fact that Tawny Owls responded more to the structure of the local landscape (i.e. availability of habitat edges) than to its composition (Forman 1995) may further explain the successful colonization by the species of so many habitat types, which makes Tawny Owls probably the most ubiquitous raptors of the Alps. However, despite such flexibility in individual habitat choices, at the population level density was positively related to the availability of broadleaved woodland, which further confirms the large-scale link of this species with such macrohabitat, as previously qualitatively reported at a continental scale (Petty & Saurola 1997) .
In conclusion, two features of our population differ from most previous studies on this species. First, to our knowledge, this is the first population studied that has such a high frequency of cliff nesting. This may have been promoted by (1) the low availability of mature trees with suitable cavities, and (2) the widespread persecution of raptors at the nest which occurred in the Alps until relatively recently. As well as being widely available in the Alpine landscape, cliffs are likely to be less accessible to humans than nests in trees or buildings. Similar dynamics have been reported for other Alpine raptors (Sergio et al. 2003a (Sergio et al. , 2005 . Second, apart from a previous study in the western Alps (Bouvier & Bayle 1989) , this is the first population studied that has a diet dominated by Edible Dormouse. This species is extremely abundant in the broadleaved woodland of the Alps and may represent an ideal prey given its relatively large body weight and extremely persistent nocturnal vocalizations, which probably make it an easy target for a night predator employing auditory cues. Furthermore, Edible Dormouse is more abundant in coppice-managed woodland than in other forest types (unpubl. data), which explains its higher occurrence in the diet of pairs occupying territories dominated by coppice woodland (Table 4 ). This Table 5 . Density, nearest-neighbour distance (NND) and productivity of some Tawny Owl populations in mountainous areas of Europe (1980s and 1990s) . Only study areas of more than 30 km 2 are included, as smaller plots were demonstrated to yield inflated estimates of density (Galeotti 2001 Table 2 ).
confirms the well-demonstrated preferential exploitation of the most available and profitable prey by this opportunistic species (Southern 1970 , Delmée et al. 1978 , Wendland 1984 , Jędrzejewski et al. 1996 , Petty 1999 .
Conservation implications
The conservation status of these populations is satisfactory. Populations seem stable, based on more than 30 territories known to be continuously occupied for the past ten years. Density was in the range of values reported for other mountainous areas of Europe (Table  5 ) and productivity was comparable to previously reported estimates (Southern 1970 , Wendland 1984 , Petty 1989 , Jędrzejewski et al. 1996 , Ranazzi et al. 2000 . The ongoing conversion of much coppice woodland to high forest is likely to be beneficial for Tawny Owls, while the progressive woodland expansion associated with land abandonment may further favour the species. Silvicultural practices allowing higher availability of edge habitats and of mature or dead trees with large cavities would additionally benefit this opportunistic owl.
